The paper developes a VAR macrofinance model of the Czech economy. It shows that yield misalignments from the yields implied by the macrofinance model partially determine subsequent yield changes over three to nine months. These yield misalignments tend to persist for a number of months. This persistence of the misalignments was explained by (a) the fact that the macro-economy influences asset markets only at lower frequencies, (b) the liquidity effect particularly during the times of capital inflows to Czech Republic, and (c) the fact that not all misalignments were greater than their historical one standard deviation. JEL Classification Numbers: C58, E43, G11
... 42 INTRODUCTION
The interaction between the science of macroeconomics and the science of finance has been very vague. Macroeconomics has traditionally focused on the description of economic growth, inflation developments and the business cycle behavior, without sufficient attention to financial assets. Finance has been more informed by the achievements of microeconomics rather than macroeconomics. General equilibrium theory and utility theory have all penetrated finance models but little attention has been paid to the behavior of the business cycle, for example.
It is usually at the peak of or shortly after a major economic crisis that paradigm shifts occur. For example, already since the late 1990s and early 2000s, economists tried to merge standard macroeconomic workhorse models with models of the term structure of interest rates. Their motivation was to better understand the interaction between the yield curve and the macro-economy. The result has been the growing literature on macrofinance models. This paper came out from the conviction of the author that macroeconomic developments were one of the major determinants of medium-to-longer term movements of financial markets. This paper tries to bridge the finance and macroeconomics fields of research. To our knowledge, this paper is one of the few pivotal works that tries to apply macrofinance modeling to Czech data.
We will estimate a macrofinance model of the Czech economy based on the so-called Nelson-Siegel framework. In other words, we will estimate a dynamic term structure of interest rates (i.e. yield curve) with the help of macroeconomic variables. We will claim that the resulting model yield curve is a fair-value yield curve as determined by the state of the macroeconomy. In turn, we will try to investigate whether the actual yield curve indeed tends to revert back to the yield curve determined by the state of the macroeconomy. We will study various properties of such approach and illustrate its usefulness for yield forecasting and for investment purposes.
II. MACROFINANCE MODELING
Macrofinance modeling is a relatively new research agenda that combines models of the yield curve with simple macroeconomic models or with macroeconomic variables.
3 The main motivation of such model structure is to understand both the influence of macroeconomic variables on the yield curve and the information value of the yield curve with respect to the macro-economy.
The joint macrofinance framework can illuminate various macroeconomic relationships, hence a number of questions arise: Do macroeconomic variables influence the yield curve? Do macroeconomic fundamentals help predict the yield curve? Does the yield curve help predict macroeconomic fundamentals?
On top of these questions, the understanding of the macroeconomic determinants of the yield curve is important for central banks and market analysts for a number of other reasons. Firstly, this knowledge can be used in enlarging the current macroeconomic models for a coherent treatment of longer-term interest rates, that have significant impact on the economy (e.g. on consumer-, mortgage-and corporate-loans; and therefore on prices and volumes of financial and physical assets). Secondly, this knowledge can be used also in financial stability analysis of central banks (e.g. stress testing).
The pivotal stream of statistical macrofinance models came out from the works of Nelson, Siegel (1987) and Litterman, Scheinkman (1991) , making use of the well-established empirical fact that government bond yield curves can be explained by using only up to three factors. Nelson, Siegel (1987) and later on Svensson (1995) proposed an exponential component statistical approach to modeling yield curve that requires the estimation of only a small number of parameters. Such parsimonious model of the term structure has the desired properties with respect to the shape of the yield curve that are not guaranteed by the polynomial approximation. This statistical approach to yield curve modeling was afterwards given a more dynamic interpretation by Diebold, Li (2006) 4 that will be the subject point of our empirical analysis. Diebold, Li (2006) regard the Nelson-Siegel factors as time-varying latent factors that could be interpreted as level, slope and curvature factors of the yield curve and they can follow a vector autoregression process. The level factor is usually connected to long-term inflation expectations. The slope factor is supposed to reflect the stance of the monetary policy, henceforth the short-term expectations of growth and inflation. The macroeconomic interpretation of the curvature factor is not straightforward. One might argue that the curvature factor should reflect medium-term expectations of growth and inflation. The terms that multiply these factors are factor loadings. The macrofinance models based on this approach (e.g. Diebold, Rudebusch, Aruoba, 2006; Hoerdahl et al., 2004) enrich the vector autoregression of the Nelson-Siegel latent factors with macroeconomic variables (the reduced form models) or with a model of the macro-economy. Diebold, Rudebusch, Aruoba (2006) find that the level factor is highly correlated with inflation and the slope factor is highly correlated with the real activity.
A complementary approach to macrofinance modeling uses the condition of no-arbitrage for the term structure of interest rates, where the spot rate is modeled as a linear function of the latent factors and the factor loadings are recursively defined starting from the short rate onwards.
5 The absence of arbitrage along the term structure of interest rates assumes the expectations hypothesis of the term structure and the pricing kernel is given by the market price of risk. The term structure is then fitted at a point in time so that no arbitrage possibilities exist along the yield curve. 6 The no-arbitrage macrofinance models add macroeconomic variables to the vector of latent factors (Ang, Piazzesi, 2003) or combine a no-arbitrage term structure model with a Neo-Keynesian macroeconomic model (Rudebusch, Wu, 2004) .
The choice of the no-arbitrage approach to macrofinance modeling over the statistical approaches is not straightforward. First, in countries with less developed debt markets or less liquid parts of the yield curve, transitory arbitrage opportunities may persist for some time, hence imposition of the no-arbitrage restriction might lead to model misspecification. 7 4 Of course, there are also other statistical approaches, like spline-modeling. On these approaches see Cairns (2004) and James, Webber (2000) . 5 Ang, Piazzesi (2003) , Wu (2005) . 6 For an overview of no-arbitrage interest rates models see Cairns (2004) and James, Webber (2000) . 7 Hoffmaister et al. (2009). Second, the no-arbitrage term structure models need to assume the expectations hypothesis of the term structure, i.e. that long term yields are equal to the average of the expected spot rates.
8 Third, no-arbitrage models of the term structure are less successful in describing the dynamics of yield curve over time as compared to fitting the cross-section of yields at a particular point in time.
9 Fourth, the no-arbitrage macrofinance models require estimating a lot more parameters than the simpler statistical models with macroeconomic underpinnings. This might lead to more estimation errors and more complex interpretation of the models. Fifth, even with best no-arbitrage models, there is a wide diversity in estimates of noarbitrage values among experts and practitioners.
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The no-arbitrage macrofinance models might be theoretically more appropriate and more relevant for pricing of fixed income instruments. On the other hand, policy-makers, forecasters and market analysts might make greater use of less complex statistical macrofinance models -the avenue that we decided to follow in this paper as well.
Let us conclude this section with a note on the related literature in Czech Republic. By now, there have been only a few comprehensive attempts to apply macrofinance models to Czech data.
11 Nevertheless, there have been a number of papers studying the term structure of interest rates in the Czech Republic. 12 There have also been a number of studies dealing with a particular relationship between the macroeconomic variables and some parts of the yield curve, but without any attempt to model the whole yield curve and link it to macroeconomic variables.
13

III. MACROFINANCE MODEL BASED ON NELSON-SIEGEL FRAMEWORK
Dynamic Nelson-Siegel Interpretation
The Nelson-Siegel framework (Nelson, Siegel, 1987) 14 is probably the most frequent statistical method used by practitioners for estimating the zero-coupon yield curve (BIS, 2005) . 15 The Nelson-Siegel framework is a parsimonious approach that models the whole yield curve using a single exponential functional form by estimating only a small number of parameters. These parameters are then all that is required to describe the whole yield curve. Such parsimonious model of the term structure has the desired properties with respect to the shape of the yield curve that are not guaranteed by polynomial approximation.
As early as Litterman, Scheinkman (1991) with the aid of the principal components analysis of the yield curve, it has been a well-established empirical fact that most of the behavior in 8 After adjusting for risk premium. 9 Diebold, Rudebusch, Aruoba (2006) . 10 Bhansali (2007, and 2011). 11 See for example Skop (2009). 12 See for example Slavik (2001) , Malek, Radova, Sterba (2007) , Dobias (2008) , Kladivko, Zimmermann, Cicha (2007) or Kladivko (2010) . 13 See for example Pikora (2007) , Kotlan (1999) .
14 The original Nelson-Siegel framework was later on extended by Svensson (1995) . 15 As will be showed below, the Nelson-Siegel framework can be also used for modeling the dynamic behavior of the yield curve. the government bond yield curves can be explained by using only up to three factors. These factors tend to be interpreted as the level, slope and curvature factors of the yield curve. 16 Diebol, Li (2006) introduced a dynamic interpretation of the Nelson-Siegel framework. From their perspective, the Nelson-Siegel framework can be used for modeling the dynamics of the yield curve. This interpretation of the Nelson-Siegel framework will be the cornerstone of our macrofinance modeling in the following text.
The original Nelson-Siegel factors are regarded by Diebold, Li (2006) as time-varying latent factors that could be interpreted, based on Litterman, Scheinkman (1991) , as level, slope and curvature factors of the yield curve. The terms that multiply these factors are called factor loadings. The dynamics of the whole yield curve can be therefore captured by describing the dynamics of the three latent factors, which can eventually be translated into the dynamics of individual yields. 
Changes in factor 1
 result in parallel shifts in the yield curve. The loading of factor 1  does not change with maturity and therefore the factor affects all the yields by the same amount. As time to maturity approaches infinity, the spot rate converges to 1  . Factor 1  can be interpreted as the level of the yield curve.
As time to maturity approaches zero, the spot rate converges to 1  + 2  . Since factor 2  is the difference between the long rate ("level") and the short spot rate, then the factor 2  can be interpreted as the slope of the yield curve. An increase in 2  raises short yields more than long yields, hence changing the slope of the yield curve. The loading of factor 2  , i.e.
, equals one at zero maturity and approaches zero with increasing maturities.  <0. For example, for 3  >0, the loading of factor 3  , i.e. , starts at zero at the shortest maturities, increases at intermediate maturities, and falls back to zero at the longest maturities. 16 Nelson, Siegel (1987) .
Finally, parameter determines the location of the hump (or U-shape) of the yield curve and the exponential decay of the yield curve. The larger the parameter is, the faster is the decay of the yield curve's curvature.
The Nelson-Siegel formulation of the yield curve assures desirable properties of the yield curve (Diebold, Li, 2006) . Forward rates are positive along the whole yield curve and the discount factor is approaching zero with increasing maturity. Also, the yield curve has only a limited number of shapes, which is desirable.
The dynamic interpretation of the Nelson-Siegel approach treats the level ( ), slope ( ) and curvature ( ) latent factors as time-varying and therefore allows us to describe the whole yield curve at any point in time using only these three factors. The dynamic version of equation (1) with time-varying latent factors is therefore the following .
(2) Diebold, Li (2006) showed that this dynamic interpretation of Nelson-Siegel framework is well suited for interest rate forecasting and dynamic analysis of interest rate behavior.
Data Used in the Model
In the following macrofinance model, we used monthly data from May 2000 to February 2010 on the Czech government zero-coupon bond spot curve for maturities from three months up to ten years, as estimated by Kladivko (2010) .
The following monthly data were used by Kladivko (2010) for the computation of the zerocoupon spot curve. 17 For maturities up to six months, the Czech interbank money market rates were used. In particular, one-week, one-month and three-month PRIBOR rates 18 . The reason for using the interbank money market rates for maturities up to six months is that there are no consistent Czech government debt instruments data for short maturities available. For the purpose of zero-coupon spot rate curve estimation, these interbank money market rates were transformed into zero-coupon bond prices. The zero-coupon yields with maturities up to one year are therefore affected by both the interbank money market and the bond market. For maturities from six months up to ten years, the Czech government bond yield data collected by the Prague Stock Exchange were used. In particular, the mid quotes for six months, nine months, and one-to ten-years maturities.
The following bonds were excluded from the estimation by Kladivko (2010) . First, all bonds with less than 180 days to maturity because of their relatively low liquidity. Second, for the first tranche of each bond, all bonds before they reach 30 days after the issue date were excluded. This was motivated by the observed odd behavior of the price quotes of some of the new bond issues during the first few weeks of their trading. Third, the 6.08%/2001 bond (issue number 27) was excluded, since this bond appears to be constantly over-priced. Fourth, the 4.85 %/2057 bond (issue number 54) was excluded, because it is not actively traded on the market. Finally, all floating interest rate bonds were excluded, since their use in yield curve estimation is not straightforward.
The reasons for starting our estimation from year 2000 are twofold. Firstly, there was insufficient number of bonds available before 1999. Kladivko (2010) needed at least four bonds in order to estimate the yield curve. Secondly, we wanted to avoid structural breaks. For monetary policy, we work within one monetary-policy regime, i.e. inflation targeting that began to be implemented from 1998 onwards. From 1998 to 2000, the Czech National Bank conducted a disinflationary policy of high interest rates accompanied by high volatility of interest rates. From the perspective of fiscal policy, all bonds issued before 1998 were excluded, because they were issued under different taxation regimes. The taxation regime influences the bond price and therefore bonds with different taxation regimes cannot be put together into one yield curve.
Even though the time series for interest rates in Czech Republic are not as long as in the U.S. or U.K., where the term-structure models of interest rates have been mostly developed for, the mean-reverting tendency of interest rates is slightly visible from the following figure in the Czech Republic, too. The average Czech government zero-coupon yield curve from May 2000 until February 2010 is depicted on the following figure. We can view the average yield curve as the historical long-term equilibrium yield curve. There is a number of stylized facts of the Czech yield curve that we can infer from the previous tables and figures. First, the average Czech yield curve is increasing and concave. Second, the persistence of yield dynamics is high. Third, the short end of the yield curve is 2% 3% 3% 4% 4% 5% 5% more volatile than the long end of the yield curve. Forth, short rates are relatively more persistent than long yields. 19 We accompany the yield curve data with the following monthly macroeconomic variables from May 2000 to February 2010. Since we are using monthly data frequency, we cannot use GDP data as they are only available with quarterly frequency. Therefore, in order to capture the activity of the real economy, we use the index of seasonally adjusted real industrial production in Czech Republic and the Euro Area. Real industrial production gap is estimated using the standard Hodrick-Prescott filter procedure (IPP_GAP, IPP_GAP_EUR). Next, we use monthly data on the year-on-year changes of domestic and Euro Area consumer price-inflation rate (INFL, INFL_EUR) . We also use the inflation target set by the Czech National Bank (INFL_TARGET). Furthermore, we use the CZK/EUR exchange rate. The exchange rate gap was also estimated using the standard Hodrick-Prescott filter (EURCZK_GAP). To fully depict the foreign economic environment, we also use the 3M EURIBOR (EURIBOR_3M) and 10Y German government bond yield (GER_10Y).
Principal Components Analysis of the Czech Zero-Coupon Yields
Before proceeding further with developing our Nelson-Siegel type macrofinance model of the Czech economy, let us first for illustration purposes conduct a principal components analysis of the zero-coupon yields and contrast its results with macro-economic variables.
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The principal components analysis reduces the set of original variables to a small number of new variables -principal components -that have the sufficient statistical power to explain the dynamics of the original set of variables. These principal components are linear combinations of the original variables. The principal components are not correlated among each other. 21 We applied the principal components analysis on the 3-month to 10-year Czech government zero-coupon bond yields from 2000 to 2010. The results are shown in the following table. As Table 2 shows, the first principal component explains as much as 92.5 percent of the variation in the Czech government bond yields. The first three components cumulatively explain up to 99.98 percent of the variation in the Czech government bond yields. This result conforms to findings of a number of similar studies.
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Figure 3: Factor Loadings of the Principal Components across Maturities
Source: own calculations 22 Litterman, Scheinkman (1991) , Diebold, Li (2006 Figure 3 portrays the values of factor loadings of the three principal components. In line with the literature, the factor loading of the first component is positive and uniform across the maturity spectrum. An upwards or downwards shift in the first component will therefore affect uniformly all maturities. This corresponds to the interpretation of the first component as the approximation of the level of interest rates. The factor loading of the second principal component is increasing with the maturity of the bonds. The second principal component is therefore a good approximation of the slope of the yield curve. The U shape of the factor loading of the third principal component corresponds to its interpretation as the approximation of the curvature of the yield curve.
The following three figures illustrate the historical development of the first three principal components, their empirical proxies and macroeconomic proxies as explained below.
Figure 4: First Principal Component and its Empirical and Macro Proxies
Source: Prague Stock Exchange; Czech National Bank; own calculations Figure 4 shows the development of the first principal component together with its suggested empirical approximation and macroeconomic approximation. The common empirical approximation 23 of the level of interest rates is . The suggested macroeconomic approximation of the first principal component is the inflation rate. 24 As we see, the first principal component nicely corresponds to the behavior of inflation rate and the empirical approximation of the level of interest rates.
23 See Diebold, Li (2006) or Diebold, Rudebusch, Aruoba (2005) . 24 See Diebold, Rudebusch, Aruoba (2005) for a similar macroeconomic interpretation. 
Figure 5: Second Principal Component and its Empirical and Macro Proxies
Source: Prague Stock Exchange; Czech National Bank; Czech Statistical Office; own calculations Figure 5 shows the development of the second principal component together with its suggested empirical approximation and macroeconomic approximation. The commonly used empirical approximation of the slope of the yield curve is the following . 25 The suggested macroeconomic approximation of the second principal component is industrial-production gap. 26 The behavior of the second principal component and the slope of the yield curve is very similar. The strength of the co-movement between the second principal component and the industrial-production gap has increased during the recent years of our data set. 25 As we see, the slope is inverted for the purpose of this exercise.
26 See Diebold, Rudebusch, Aruoba (2005) for a similar macroeconomic interpretation. The GDP gap is not directly available in monthly frequency. 
Figure 6: Third Principal Component and its Empirical Proxy
Source: Prague Stock Exchange; Czech National Bank; own calculations Figure 5 shows the development of the third principal component together with its suggested empirical approximation. The commonly used empirical approximation of the curvature of the yield curve is the following . There is not straightforward macroeconomic approximation of the third principal component, and henceforth of the curvature of the yield curve. As we see, the empirical approximation of the curvature of the yield curve tracks very well the development of the third principal component.
From a Yields-Only Nelson-Siegel Model to a VAR Macrofinance Nelson-Siegel Model of the Czech Economy
Even though the yields-only Nelson-Siegel model of the yield curve describes relatively well the behavior and dynamics of interest rates, it offers little insight into the underlying economic forces that drive the behavior of interest rates. In an effort to provide such an insight into underlying economic forces driving interest rate movements, we will enrich the Nelson-Siegel framework with macro-economic variables.
We will start with the Diebold, Li (2006) dynamic interpretation of the Nelson-Siegel framework as described above, which is for better traceability reproduced here again (3) where the level, slope and curvature factors are time-varying latent factors. Following Diebold, Li (2006) , we will estimate the macrofinance model of the term structure of interest rates in two steps. 27 In the first step, we use the data on the Czech zero-coupon yield curve estimated by Kladivko (2010) and we estimate the Diebold, Li (2006) dynamic version of the Nelson-Siegel specification (3) using ordinary least squares regression on the cross-section of the yields data. As Diebold, Li (2006) we fixed the lambda parameter of the exponential decay, particularly on the value of 0.56 so as the sum of squared residuals of the Nelson-Siegel regression is minimized. After applying this procedure, we arrive at the estimates of the yields-only Nelson-Siegel beta factors for the level, slope and curvature of the yield curve for each period of our data set. The properties of the estimates of these yields-only Nelson-Siegel factors are the following. As we see from the previous table, both the average empirical slope of the Czech zerocoupon government bond yield curve and the estimated Nelson-Siegel slope factor are positive 28 , the Nelson-Siegel slope factor is more volatile that the empirical slope. The level (both empirical and derived from the Nelson-Siegel model) is highly persistent. The slope (both empirical and derived from Nelson-Siegel model) is more persistent than the curvature.
The following figures illustrate the co-movements between Nelson-Siegel factors from the yields-only model, empirical level, slope and curvature, and their macro-economic proxies. 27 Diebold, Rudebush, Aruoba (2005) used a one-step approach to estimating the Nelson-Siegel-type macrofinance model of the term structure of interest rates using the state-space interpretation of the model. This approach, however, requires estimation of a large number of parameters. We will therefore follow the two-step approach developed by Diebold, Li (2006) . 28 The slope in the Nelson-Siegel representation is the negative of the traditionally defined slope, i.e. as long yield minus short yield. We used the Nelson-Siegel "reverse" slope definition in our work.
Figure 7: Yields-Only Model -Level Factor and its Empirical and Macro Proxies
Source: Prague Stock Exchange; Czech National Bank; own calculations
As we see from the previous figure, the behavior of the yields-only Nelson-Siegel level factor is closely related to the empirical proxy of the level of interest rates that we defined 29 above in the following way . The behavior of the level factor and its suggested macro-economic approximation of inflation rate are less closely related. 29 See also Diebold, Rudebusch, Aruoba (2005) for a similar approach. The previous figure shows that the behavior of the yields-only Nelson-Siegel slope factor follows very closely the empirical approximation of the slope factor that we defined 30 above in the following way 30 See also Diebold, Rudebusch, Aruoba (2005) for a similar approach. As we see from the previous figure, the behavior of the slope factor is also closely related to the behavior of its macro-economic approximations in terms of industrial production gap as defined above. Nevertheless, the co-movement between these two series is less strong than between the slope factor and its empirical approximation. The last figure in these series shows that the yields-only Nelson-Siegel curvature factor also closely follows its empirical approximation that we defined 31 above in the following way
There exists no meaningful macro-economic approximation of the curvature of the yield curve.
After extracting the yields-only Nelson-Siegel factors from the Diebold, Li (2006) dynamic interpretation of the Nelson-Siegel model, we can now proceed to the cornerstone of our analysis and develop a macrofinance model along the lines of the dynamic interpretation of the Nelson-Siegel framework. This time we will assume that the extracted yields-only Nelson-Siegel factors follow a VAR process together with a number of other macroeconomic variables, which allows us to incorporate the behavior of the macro-economy into the dynamics of the yield curve.
We will postulate the following non-structural VAR (1) Diebold, Rudebusch, Aruoba (2005) for a similar approach. of intercept terms, and ε t is a (11x1) vector of the IID error term. The macro-economic variables used in this model are considered to be the minimum set of macro-economic fundamentals required to capture the basic dynamics of the macro-economy. 32, 33 In our estimation procedure, we treat the latent Nelson-Siegel factors from the yields-only model, the industrial production gap, domestic inflation rate, and EURCZK exchange rate gap as endogenous variables. We treat the intercept, the EUR industrial production gap, the domestic inflation target, the EUR inflation rate, the German 10Y government bond yield, and the 3M EURIBOR rate as exogenous variables. The exogenous variables are explaining the development of macro-economic and financial variables abroad. We also regard the domestic inflation target of the Czech National Bank as exogenous. For a small and open economy, one can be assured that the economy is not able to a large extent influence the behavior of macro-economic and financial variables abroad and therefore the abroad environment can be with confidence treated as exogenous.
The following table provides the VAR(1) Nelson-Siegel based macrofinance model parameter estimates. Bold letters indicate those parameters that are significant on 10 percent level of significance.
32 See Diebold, Rudebusch, Auroba (2006) , and Gasha et al. (2010) . A smaller set of macroeconomic variables would risk insufficient number of explanatory variables, i.e. the omitted variables problem. 33 Despite the fact that econometric models of the long yield of the government bond yield curve are usually using in their model specification, among others, fiscal variables, the standard models of the term structure of interest rates as well as the macrofinance models quoted in this paper do not usually use fiscal variables in their model specification. A recent work by Afonso and Martins (2010) tried to integrate fiscal variables into a standard yield curve modeling framework. We did not use fiscal variables in our model specification for the following reasons: (1) there are no reliable fiscal data with monthly frequency; (2) we tried to avoid regime change, particularly with respect to changes in taxation regimes; (3) tests of the validity of the expectations hypothesis of the term structure of interest rates show that the hypothesis holds in the long run, which implies that the central bank's influence on the short end of yield curve has effects on the long end of yield curve in the long run; (4) finally, as Afonso and Martins (2010) pointed out, yield-curve's sensitivity to fiscal variables has been smaller in European economies than in the United States, and the yield-curve's sensitivity to fiscal variables is smaller when the level of government debt is small, which was the case for Czech Republic in the period that we analyzed. Our estimation results were mostly as expected by standard economic relationships and showed a number of interesting findings. The level and slope parameters are highly persistent.
The level factor is explained by its own lag and by the lagged slope factor. It is also explained by the lagged curvature factor, by lagged domestic industrial production gap (we would have however expected opposite sign of the parameters), lagged domestic inflation rate (the level of interest rates goes up when inflation rate goes up), lagged EURCZK exchange rate gap (the level of interest rates goes up when the domestic currency depreciates), and foreign long-term and short term interest rates (the level of domestic interest rates goes up when foreign long and short rates increase).
For the slope factor, the statistically significant explanatory variables were the lag in the slope factor and the lagged curvature factor. They were followed by the lagged domestic industrial production gap (the short end of the yield curve increases when domestic industrial production gap increases, pointing to the stabilization role of the central bank with respect to economic growth). The domestic inflation target was not a statistically significant determinant of the slope of the interest rates.
The curvature factor was statistically determined by its own lag, by the lagged level and slope factors. Statistically significant were also the lagged domestic inflation rate, lagged EURCZK exchange rate gap, foreign industrial production gap, and foreign short term interest rates.
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The domestic industrial production gap is explained by its own lag and by foreign industrial production gap, pointing to the openness of the Czech economy and its dependence on the industrial development in the Euro Area. On the other hand, the lagged slope of the interest rates was not a statistically significant determinant of domestic industrial production gap.
The domestic inflation rate was primarily explained by the lagged level factor and the curvature factors, followed by the lag in domestic inflation rate (pointing to high persistence of domestic inflation rate), by the lagged EURCZK exchange rate gap (pointing to a passthrough effect from currency depreciation), by foreign inflation rate (echoing the role of the Euro Area development in determining domestic prices), and by foreign long-term interest rates.
The EURCZK exchange rate proved to be highly persistent.
A Note on Diagnostic Tests
The VAR lag order selection criteria showed that the lag of order one was an appropriate choice for our model. All of the residuals from our macrofinance model were stationary. The results of the VAR Residual Serial Correlation LM test showed that there was no residual serial correlation after the lag of the order one on a five-percent significance level, which illustrates that our VAR model specification with one lag seems to be correct. The results of the residual autocorrelation functions for each of the residuals attributable to the endogenous variables of our VAR macrofinance model showed that the residual autocorrelations for beta1, beta3, domestic industrial production gap, domestic inflation rate, and EURCZK exchange rate gap were not statistically significant at any lag. The residual autocorrelations for beta2 were statistically significant up to the third lag.
The results of the Augmented Dickey-Fuller unit-root tests for stationarity of the variables of our macrofinance model showed that beta3, domestic industrial production gap, EURCZK exchange rate gap, foreign inflation rate, and foreign industrial production gap were all stationary time series. The beta1 and beta2 coefficients as well as the domestic inflation rate, and the exogenous variables EURIBOR 3M rate, German 10Y government bond yield and the domestic inflation target were non-stationary and seem to be integrated of order one.
Even though the presence of non-stationary variables risks running into spurious regressions and making the associated coefficients lack their standard limit distributions, Sims et al. (1990) show that consistent estimates of VAR coefficients are obtained with classical methods even when unit roots (i.e. non-stationarity) are present. We can even argue that by differencing or de-trending the non-stationary variables a significant amount of information is lost from the time series. If we are interested in the inter-linkages between variables, the suggested procedure will be running the VAR model together with both stationary and nonstationary data as long as the model specification is theoretically reasonable. We therefore follow this procedure and are confident that most of our key endogenous macro-economic variables are indeed stationary.
Further residual tests showed slight problem with the normality of residuals with respect to the kurtosis. This problem might be given by the use of financial markets data in our estimation. The White Heteroskedasticity test pointed to possible slight heteroskedasticity problems, in particular with respect to residuals form the exchange rate gap equation. Nevertheless, the VAR model withstood the stability condition check.
Impulse Responses and Variance Decomposition
The one standard-deviation impulse responses will provide us with valuable information on how the individual endogenous variables from our macrofinance model respond to shocks in remaining endogenous variables from our macrofinance model. We will study the interactions between the yield-curve variables and the macro-economy. We will also contemplate whether the individual macroeconomic variables respond to shocks in remaining macroeconomic variables in the traditional manner. Following Gasha et al. (2010) we will differentiate between four groups of responses.
Responses of the macroeconomic variables to macroeconomic shocks: Shock to the domestic industrial production gap (i.e. more positive output gap) slightly increases inflation in the first five periods, and has negligible effect on the exchange rate gap. The effect on the inflation rate is consistent with demand pressures stemming from positive output gap. Shock to inflation rate has negligible effect on industrial production gap, and slightly appreciates the domestic exchange rate throughout all periods, which is consistent with FX market expectations of a monetary policy tightening. Shock to exchange rate gap (i.e. more depreciating domestic currency) slightly shifts the industrial production gap into positive territory, which is consistent with a response expected for an export-oriented small economy such as the Czech economy. Exchange rate shock significantly increases domestic inflation, which illustrates strong exchange rate pass-through effect.
Responses of the macroeconomic variables to yield curve shocks: Shock to the level factor (i.e. increase in the level of interest rates) slightly turns the industrial production gap into positive territory, has negligible effect on the exchange rate gap, and increases the inflation rate. Interestingly, the level factor is usually identified with long-term inflation expectations, and henceforth possibly the positive response of inflation rate to a shock to the level factor. Shock to the slope factor (i.e. in our interpretation of the slope factor, it means a less steeper yield curve) at the beginning turns the industrial production gap into positive territory but eventually has an expected small effect on turning the industrial production gap slightly into negative territory. Shock to the slope factor decreases the inflation rate and leads to appreciating the domestic currency, reflecting tighter monetary policy. Shock to the curvature factor does not have straightforward economic interpretation.
Responses of the yield curve to macroeconomic shocks: Positive shock to the domestic industrial production gap surprisingly slightly decreases the level of interest rates along all ten periods. The shock makes the yield curve less steeper on the whole horizon (i.e. the shorter rates decrease by less than the longer rates), which points to possible stabilization role of monetary policy or to the fact that output gaps have played an important role in inflation-targeting monetary policy regimes. Shock to the inflation rate increases the level of interest rates on the whole horizon, again pointing to a relationship between inflation expectations and the level of interest rates. This reaction might also indicate that long-term inflation expectations are not firmly anchored, where a surprise increase in inflation feeds through to higher long-term inflation expectations, i.e. raising the level factor. Unfortunately, the reaction of the slope factor to inflation is negligible. Shock to the exchange rate gap (i.e. more depreciating domestic currency) increases the level of interest rates on the whole horizon and has negligible effect on the slope factor. The effect of the exchange-rate gap shock on the level factor might illustrate the market participants' understanding of a potential interest rate hike after an episode of currency depreciation in the environment of strong exchange rate pass-through effect to inflation.
Responses of the yield curve to yield curve shocks: Shock to the level factor increases the slope of the yield curve, i.e. the longer end of the yield curve increases to a larger extent after an increase in the level of interest rates. This is consistent with the interpretation of the level factor as long-term inflation expectations, which eventually induces monetary policy tightening. Shock to the slope factor (i.e. decrease in the slope of the yield curve) decreases the level of interest rates. All three yield curve factors are highly persistent.
The following figure shows the impulse responses discussed above. Res pons e of BETA3 to EURCZK_GAP Another interesting perspective to the dynamics between the yield curve and the macroeconomy is provided by the variance decomposition output from our VAR macrofinance model.
Figure 11: Impulse Responses from the Macrofinance Model
The first table of the variance decomposition output provides the results for the yield curve factors. At a one-month horizon, the variation in the yield curve is entirely driven by the yield curve itself, unrelated to macroeconomic variables. Only in the later periods the macroeconomy adds additional drive to the variation in the yield curve. The variation in the level factor is driven primarily by its own variation, to a much smaller extent also the by variation in the slope and curvature factors. Nevertheless, starting at a five-month horizon, the combined effect of the exchange rate gap and the industrial production gap accounts for 10 to 15 percent of the variation in the level factor, suggesting that the macro-economy contributes as much as 15 percent to the variation in the level of interest rates at horizons longer than five months 35 . Interestingly, the variation in the slope factor is driven by its own variation only to approximately 35 to 25 percent. The variation in the level factor plays a more important role (around 60 percent) in explaining the variation in the slope factor. The macro-economy kicks in at a four-month horizon, and the industrial production gap accounts for 5 to 7 percent of the variation in the slope factor. The variation in the curvature factor is explained by its own variation to as much as 89 percent at short horizons, but in the longer horizons the slope factor plays an important role (up to 17 percent). The exchange rate gap enters the scene at the four-month horizon, accounting for 5 to 12 percent of the variation in the curvature factor within the ten periods-horizon analyzed.
In summary, the variation in the macroeconomy influences the variation in the yield curve significantly only after approximately five months, and at the ten-period horizon, the variation in the macroeconomic variables explains almost 40 percent of the variation in the yield curve factors. The following table of the variance decomposition output provides the results for the macroeconomic variables. The variation in the industrial production gap is mainly determined by its own variation, and above the six-month horizon also partially by the variation in inflation and exchange rate gap (combined effect of around 5 percent) as well as the yield curve factors' variation (combined effect of around 5 percent).
The variance of inflation rate is in the first two periods determined by its own variation (86 to 77 percent) but this effect quickly fades away and the variation in exchange rate gap (26 percent at the six-month horizon) and the level of the interest rate (17 percent at six-month horizon) begin to play significant roles. The influence of exchange rate on inflation is expected for a small and open economy. Also, the strong link between inflation and the level factor (i.e. the proxy for inflation expectations) is expected. The effect of the industrial production gap on inflation's variance also fades away from 9 percent in the first period to less than 3 percent at the seven-month horizon. The combined contribution of the yield curve factors to the variance of inflation rate at ten-month horizon amounts to approximately 30 percent.
The variance of the exchange rate gap is to a large extent determined by its own variation and to a small effect by the variation of inflation rate (4 percent at ten-month horizon) and the slope and curvature factors (2 to 3 percent). The combined effect of the yield curve factors on the variance of exchange rate is at the ten-month horizon approximately 6 percent.
In summary, we can conclude that, especially for inflation rate, there is a statistically significant interaction between the yield curve factors and the macro-economy, and that the macro-economy enters this interaction only after some time, i.e. not immediately.
36 36 We should be also mindful of the fact that the variation of yield curve factors is significantly explained by their own autocorrelations. We can, however, meaningfully assume that also these autocorrelations of yield curve factors include some information about the macro-economy. 
IV. MAKING THE MACROFINANCE MODEL OPERATIONAL FOR ASSET-ALLOCATION PURPOSES
We can now proceed with an application of our macrofinance framework to asset-allocation purposes, starting with a few important definitions.
Let us call the beta factors extracted from the VAR macrofinance model the macro-implied betas. After inserting these macro-implied beta factors back into the original Nelson-Siegel equation (2) we arrive at a model zero-coupon yield curve that will be called the macroimplied zero-coupon yield curve. We claim here that the macro-implied zero-coupon yield curve is indeed the fair-value zero-coupon yield curve given by macroeconomic fundamentals. We will use the macro-implied zero-coupon yield curve and the actual zerocoupon yield curve to evaluate as to what extent the actual zero-coupon yield curve is overvalued or under-valued with respect to the macro-implied zero-coupon yield curve, i.e. with respect to macroeconomic fundamentals. The difference between the fair-value yield curve and the actual yield curve will be called the misalignment. 37 In further steps, we will evaluate to what extent the yield-curve misalignments predict the subsequent yield movements. 38 In other words, we will measure the predictive power of the misalignments in explaining the changes in bond yields. This exercise will help us convey the message that is present throughout this paper -that movements in financial markets in general (and in the yield curve in particular) are a reflection of the macro-economy; or the other way round, that macro-economy is one of the key drivers of financial-market fluctuations.
The following figure compares the selected actual Czech zero-coupon yields 39 with their macro-implied counterparts. At the first glance, we can observe that the actual zero-coupon yields track the macro-implied yields rather well. 40 Nevertheless, we can also observe that misalignments exist and they persist for some time. The persistence of bond-overvaluations is particularly large for longer-term bond yields in periods between 2001 and 2004, and between 2005 and 2008 . This might have coincided with the periods of rapid capital inflows into Czech Republic (invested substantially in Czech government bond securities) that might have driven the bond yields far too low for extended periods of time. 37 In statistical terms, our term "misalignment" equals the forecasting error of the model yield versus the observed yield.
38 Similar approach for U.S., German, Japanese and U.K. yield curves was used by Verstyuk (2007) and Verstyuk (2008) , though with a slightly different formulation of the macroeconomic part of the macrofinance model. 39 As noted above, the Czech zero-coupon data set is provided by Kladivko (2010) . 40 We also tried the fit of the yields-only model of the yield curve and it was tracking the actual yield curve very smoothly. For more see Kladivko (2010) . The following figure presents the comparison of selected actual yield-curve spreads and butterfly spreads 41 and their respective macro-implied counterparts. Here, the misalignments persisted for longer periods of time, too. The time periods are the same as with bond-yield misalignments and they coincided with periods of rapid capital inflows into Czech Republic that might have driven the bond-yield spreads far too low for extended periods of time. 41 The "2-5-10 butterfly" spread is equal to: . 
Identifying Misalignments and Timing Subsequent Yield Movements
In what follows, we try to investigate to what extent the current yield curve misalignments from its fair value help us predict the subsequent movements of the yield curve. 42 We will claim that the macro-implied yield curve is indeed the fair value yield curve given by macroeconomic fundamentals towards which the actual yield curve naturally needs to tend. The current yield curve misalignment from its fair value can therefore be regarded as the fundamentally implied (or required) subsequent yield change in order for the actual yields to converge to their fair values. It measures the predictive power of the misalignments in explaining subsequent bond yield changes.
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Let us therefore, in the following tables and figures, show how our macrofinance model can be used for practical purposes. We will judge the ability of the macro-implied yield curve (or the misalignments from the macro-implied fair value yield curve, respectively) to "predict" actual Czech zero-coupon yield changes during the period from 2000 to 2010.
44 42 See also Verstyuk (2007) and Verstyuk (2008) for a similar approach. 43 In a different context and in a more formalized way, a similar exercise (in its logic) is being conducted by the tests of the validity of the pure expectations hypothesis of interest rates. In these tests, the implied interest rate change given by the pure expectations hypothesis (i.e. implied by the forward rate) is contrasted to the realized interest rate change. On empirical evidence on the pure expectations hypothesis see Campbell, Lo, MacKinlay (1997 ), Campbell, Shiller (1991 , Cook, Hahn (1990) , Ilmanen, Iwanowski (1996) and . 44 At this stage, this is not a statistical exercise and not an out-of-sample forecasting test. Such out-of-sample forecasting test will be conducted bellow. We constructed the misalignments for three benchmark bonds, three-year, five-year, and tenyear bond. In order to capture the forecasting ability of the misalignments, we lagged the subsequent changes in yields of these three bonds by three, six and nine months, and we compared them with the current misalignments for these bonds. This means that we were postulating that current misalignments in these three bonds' yields are capable of predicting the change of their yields over three, six or nine months. Interestingly, the one-month lag did not produce favorable results implying that the misalignments are not corrected within very short periods of time. This is however consistent with our macrofinance VAR results produced above that showed that macroeconomic variables started to play role in the variation of the yield curve after no less than five months.
The following three figures provide the first glance at our results. 45 We can see that the current misalignments produce rather good "forecasts" of yield changes over six to nine months. Nevertheless, over the nine-month period the positive and negative yield forecasts are rather asymmetric.
Figure 14: Implied vs. Realized Yield Change over 3 Months
Source: own calculations 45 The graph is constructed as follows. The mean implied changes represent the average of positive and negative current misalignments in 3Y, 5Y and 10Y bonds. The mean realized changes represent the average of positive and negative subsequent yield changes over three, six and nine months (lagged three, six and nine months to make them "current" from the perspective of the misalignments) in 3Y, 5Y and 10Y bonds. In fact, the mean implied changes (i.e. the misalignments) are by definition always the same on figures 14, 15 and 16; they only start on different dates due to different lags of yield changes, which cause slight differences in the mean implied changes in these three figures. The correlation exercise in table 7 then in turn determines that our preferred choice of horizon for the subsequent changes that best matches current misalignments is six months. The following table summarizes the previous three figures in a more formal way. Even though the overall correlations between the macro-implied yield changes (i.e. the misalignments) and the actual (lagged) yield changes are best over the period of nine months, the results for the nine-month forecasts are a little asymmetric and tilted towards positive yield changes, as we saw on the figures above. Therefore, our preferred choice of forecast horizon of the misalignments would be six months, which is also consistent with the variance decomposition results from our macrofinance VAR model that suggested that macro-economy starts influencing the development of the yield curve only after approximately six months. The highest correlation coefficients were generally obtained for the three-year bond and the five-year bond in contrast to the ten-year bond. As table 8 shows, for the slope of the yield curve, the correlation between the misalignment and the subsequent change in the slope was very small. For the butterflies, the correlation between the macro-implied and the subsequent realized butterfly changes is presented in the table below. For illustration purposes, let us present in the following figure the graphs for current bond yield misalignments and the subsequent bond yield changes over six months lagged six months. We can see that the lagged changes in the bond yield closely track the current bond yield misalignment produced by our model. An interesting picture is also provided by the last figure in the bottom right corner, which plots the accumulated misalignment for ten-year bond yield over three months together with the change in ten-year bond yield over six months lagged six months. We see that as the misalignment accumulates over certain period of time, it contributes strongly to the subsequent change in bond yields.
Figure 17: Bond Yield Misalignments and Changes in Bond Yields over Six Months Lagged Six Months
Source: own calculations
As our next illustration of the practical use of our framework, we chose a random day in our time series and produced figures for the actual Czech zero-coupon, the macro-implied (fair value) yield curve at the same day, and the subsequent actual Czech zero-coupon yield curve after nine months 46 . We did the same for yield spreads and butterflies. The following table summarizes the misalignment for the randomly chosen day for yields, spreads and butterflies and the change in benchmark yields, spreads and butterflies over the randomly chosen ninemonth period. The following figure illustrates the same exercise in a graphical form. We see how nicely the yield curve changes even after nine months towards the predicted misalignment nine months ago. On May 31, 2010, the actual Czech zero-coupon yield curve was undervalued with respect to the macro-implied fair value zero-coupon yield curve. After nine months time, this misalignment (undervaluation) was almost entirely corrected and the actual Czech zerocoupon yield curve approached the macro-implied fair value zero-coupon yield curve from nine months ago. The same is more or less true for the yield spreads and butterfly for the chosen period. In the following paragraphs, we are going to undertake two simple exercises to show the forecasting relevance of the macrofinance model of the term structure of interest rates versus 46 To show also other than six-months lag and to show that these relationships hold for the lags between three to nine months that we investigated above. the yields-only model of the term structure of interest rates, and to dig deeper into underlying drivers of yield changes.
In the first exercise, we will compare the out-of-sample forecasting ability of our VAR macrofinance model versus a yields-only Nelson-Siegel model, in which the latent factors follow a VAR process, too. Following Diebold, Li (2006) as well as Kladivko (2010) , the comparative criterion will be the root mean squared errors (RMSE) defined as follows (5) where n is the number of bonds used in the estimation, is the observed zero-coupon bond yield 47 , and is the estimated zero-coupon bond yield. The larger the RMSE, the greater the forecast error; hence results with the smallest RMSE indicate the most superior model.
We first estimated our macrofinance VAR (1) (2) to obtain the macroimplied forecast of the zero-coupon yield curve for the period from January 2007 until September 2007. We deliberately did not produce the forecast during the period of the 2008 global financial crisis to avoid extreme market conditions. We chose the nine-month forecast horizon since this was the maximum horizon used above for analyzing the forecasting ability of current yield misalignments for subsequent yield changes. We then estimated the VAR (2) In the following table, we compared the RMSE for both of the models over the nine-month forecasting period. As we see, the results are supportive for the macrofinance VAR model, as its RMSE is lower than that of the yields-only model. This suggests that the inclusion of macroeconomic variables into the yield-curve modeling framework indeed improved the forecasting ability of the model. 47 In our case the Kladivko (2010) zero-coupon yields. 48 For the yields-only model, we chose the VAR(2) model specification as it performed better with the laglength selection criteria. If we were to chose VAR(1) also for the yields-only model, the dominance of the macrofinance model as shown below would be even stronger. However, we wanted the yields-only model to be properly specified and therefore we chose the VAR(2) specification. The following exercise provides a different perspective. We tried to investigate what role the yield misalignments play along other variables in determining the behavior of the yield changes. We ran a multiple ordinary least squares regression where the dependent variable was a change in three-year Czech government bond yield over three months 49 , and the independent explanatory variables were the three-year bond yield misalignment from its macro-implied fair value lagged three months, total traded volume on the secondary market with Czech government bonds as collected by the Prague Stock Exchange, the domestic inflation rate, the domestic industrial production gap lagged one month, the EURCZK exchange rate gap lagged three months, the EURIBOR 3M interest rate lagged three months, the ten-year German government bond yield, and the 2003 year dummy variable multiplied by the traded volume variable. 50 Other year-dummy variables multiplied by the traded volume were not statistically significant. Also, we found out that the other contemplated variables, such as the foreign industrial production gap, the foreign inflation rate, the Czech stock market index or the stock market volatility index, were not statistically significant. We incorporated the traded volume into the regression explanatory variables in an attempt to explain the rather long persistence of yield misalignments. We ran the regression from August 2000 until December 2007 so as to avoid the potentially disturbing period of the post-2008 global financial crisis. The regression's results are produced in the following table. As we see from the table above, the regression has relatively high explanatory power (adjusted R-Squared statistic equal to 0.77) and that all the included variables are statistically significant on the ten-percent significance level. The coefficient of the effect of the misalignment on the yield change proved to be the largest of all in absolute terms, and has the expected positive sign. The traded volume variable is also statistically significant, though with rather small absolute value of its coefficient. The negative sign of the volume coefficient is consistent with the expected inverse impact of greater demand on the bond yield. The year-dummy variable multiplied by the traded volume variable for 2003 was statistically significant, implying that the dynamics in the traded volume was in particular significant for the determination of yield changes during 2003, which is consistent with the 2002-2003 period of rather substantial traded volume on the secondary government bond market in the Czech Republic, as shown on the figure below. This period that was marked by significant capital inflows to Czech Republic that to a large extent ended in government bond investments, and might actually have contributed to the prolonged period of too low bond yields relative to their macro-economic counterparts, i.e. to the persistence of the misalignments. This result therefore shows that liquidity in the bond market matters for the duration and magnitude of the bond yield misalignment versus the bond yield's macroimplied fair value. Both of the previous exercises showed, in their respective capacity, the relevance of the macro-economy for determining or predicting the changes in government bond yields.
V. CONCLUSION OF THE MACROFINANCE MODEL AND SUGGESTIONS FOR FURTHER RESEARCH
We learned that the macro-economy indeed determines a fair value of bond yields towards which the actual yields tend to move. Hence, the macro-economy plays an important role in determining changes in the government bond yields. Misalignments on the Czech government bond market tend to persist for a number of months, but they are eventually always eliminated and the macro-economy always dominates the behavior of the government bond yield curve. Also, as we will see bellow, not all the misalignments are statistically significant and for a prudent investor following the signals from the macroeconomy it does not necessarily always make sense to trade on relatively small misalignments.
Most of our empirical analysis was conducted using also the data spanning the recent global economic and financial crisis. Nevertheless, as Medeiros, Rodriguez (2011) showed, the Nelson-Siegel framework proved to be sufficiently robust to explain the developments of the term structure of interest rates even during the recent period of stress in financial markets. The authors showed that the main relationships between the yield curve and the macroeconomy held rather well during the recent crisis.
Suggestions for Further Research
Most of the macrofinance research focuses on the development of the modeling techniques to grasp the interaction between the yield curve and the macro-economy. Nevertheless, we feel that future research should also try to follow up on the work provided above in this paper and try to test the importance of the macro-implied yield curves for the subsequent yield changes on real-life yield-curve investing strategies. Strategies based on macrofinance signals should be developed and evaluated using real-life market data. These strategies should be then compared to traditional buy-and-hold strategies. The macrofinance signals could be useful in investing across the yield-curve (i.e. buying and selling government bonds of various maturities based on signals from the macro-implied yield curve), or in general asset allocation decisions among various asset classes (e.g. bonds versus equities, etc.).
Let us elaborate on the use of macrofinance modeling for asset allocation purposes a little further. As we see on the next figure, not all the movement in the yield misalignment is outside of one historical standard deviation of these misalignments. That might mean that part of the misalignments might well be due to random (noise) factors not necessarily important for asset allocation decisions. We see that during the period of 2000-2009, the one-standard-deviation rule extracted only a small number of signals from our macrofinance framework. This implies that we are not going to use the macrofinance framework for higher-frequency trading. On the contrary, the investor's allocation will need to be reshuffled based on the behavior of the macro-economy only time to time. "buy" when the bond is undervalued according to the macro-implied value, and "sell" when the bond is overvalued according to the macro-implied value; however, the misalignment needs to exceed its one historical standard deviation in order to be traded upon this signal.
We started with an investment of CZK 91.22 (the market price of the bond at the first purchase). The total cash profit from the four buy and sell decisions during the whole trading period was CZK 16.21. Approximate coupon profit during the period the bond was held was CZK 10.18. The total profit from this investment strategy was therefore CZK 26.39. During the whole trading period, the number of years we were not invested with the bond was 3.92 years. During these almost four years, we could have been invested in cash or other bonds (using some across-the-yield-curve misalignment signals), or even in equity, potentially bringing in more profits. Approximate cash coupon profit from an alternative buy-and-hold strategy for the same bond during the same period was 24.3 CZK.
The investment strategy based on the macrofinance signals outperformed the buy-and-hold strategy by at least 8.6 percent during the trading period. If we took into consideration the potential proceeds from the idle cash during the almost 4 un-invested years, the difference might have been even more supportive for the macro-based investment strategy.
This over-simplified example deserves a number of disclaimers. First of all, the proper strategy would have been to trade the ten-year duration not the ten-year bond. Second, our example is simplified as we did not take into consideration transaction costs, taxation, etc. Third, we did not trade the bond until its full maturity as its maturity spanned into the future. Finally, this approach suffers a bias in that it runs the model through the whole time spam and identifies the signals ex post, assuming that such results reflect those results that the investor saw at each individual observation (i.e. at each individual decision date).
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Nevertheless, this example provides a suggestion as to how to implement the information from the macrofinance model into real-life investment decisions.
This example also provided an important complementary explanation to the relatively long persistence of misalignments in the Czech government bond market during the period of 2000-2010. We see that some of the misalignments were within one historical standard deviation of these misalignments, and therefore might have represented only random noise not necessarily important for conducting investment decision directed at eliminating these misalignments.
VI. CONCLUSION
This paper dealt with the interaction between the macro-economy and financial markets. In the main part, it developed a macrofinance model of the term structure of interest rates and showed the use of such macrofinance model for yield forecasting and investment purposes. 51 The proper approach would have run the model subsequently at each observation and have evaluated at each observation the existence or non-existence of a signal.
The bottom line of this paper is that the macro-economy matters for the dynamics of financial markets in general, and for the dynamics of the yield curve in particular.
We coined our macrofinance approach in the dynamic version of the Nelson-Siegel model. The Nelson-Siegel framework is a parsimonious approach that models the whole yield curve using a single exponential functional form by estimating only a small number of parameters while guaranteeing the desired properties of the yield curve. Such framework reflects the well-established empirical fact that most of the behavior in the government bond yield curves can be explained by using only up to three factors. The Nelson-Siegel framework is well suited for forecasting and for dynamic analysis of yield curve behavior and is widely used by policy-makers, forecasters and practitioners. Macrofinance modeling is a relatively new research agenda that combines models of the yield curve with simple macroeconomic models or macroeconomic variables. The main motivation of such models is to understand both the influence of the macro-economy on the yield curve as well as the information value of the yield curve with respect to the macro-economy.
We estimated a macrofinance VAR model of the zero-coupon government yield curve for the Czech economy based on the dynamic interpretation of the Nelson-Siegel framework.
We named the resulting curve the macro-implied (or fair-value) yield curve, towards which the actual zero-coupon government bond yield curve should naturally tend. Analyzing the properties of our macrofinance model showed that macroeconomic factors tend to have a significant influence on the yield curve after approximately five to six months, which was consistent with other empirical research.
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In making our macrofinance model operational, we analyzed to what extent the current misalignments of the actual yields from the macro-implied yields helped us predict subsequent movements in the Czech zero-coupon government bond yields. We maintained that the yield curve misalignments form its macro-implied fair-value can be treated as the macro-implied subsequent yield changes. We measured the predictive power of the misalignments in explaining the changes in bond yields and we found out that current yield misalignments partially determine subsequent yield changes over three to nine months periods.
Finally, we investigated the forecasting performance of the macrofinance VAR model for the Czech economy in comparison to a yields-only VAR model. The incorporation of the macro-economy into the yield curve model improved its forecasting ability. Also, the multiple regression of the determinants of the yield changes confirmed that the current misalignments of actual yields form the macro-implied yields played an important part in explaining the subsequent yield changes. The traded volume proved also significant, suggesting that the liquidity effect might be one of the causes for longer persistence of yield misalignments from the macro-implied yields.
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The main part of this paper taught us that the macro-economy played an important role in Czech government bond yield dynamics. Misalignments from the macro-implied fair value on the Czech government bond market tend to persist for a number of months, but they are eventually always eliminated and the macro-economy always dominates the behavior of the government bond yield curve. The persistence of these misalignments can be explained by (a) the known empirical fact that the macro-economy kicks into determining the asset markets only at lower frequencies, (b) by the liquidity effect, particularly during the times of capital inflows to Czech Republic that were substantially absorbed by the government bond market, and (c) by the fact that not all misalignments were greater than their historical one standard deviation and therefore might have been representing only random noise that might not have warranted any investment decisions on the part of active market participants.
